We are the first to present here the results of a pulsed "light shining through a wall" experiment, specifically designed to test the PVLAS claims. Our pulsed approach allows us to measure very small conversion rates free from the inevitable false counts of photon detectors. We have not detected any regenerated photons, testing conversion and back conversion on a total of more than 4 × 10 22 incident photons. We can therefore invalidate the axion interpretation of the original PVLAS results, with a confidence level higher than 94 %.
The axion was first proposed 30 years ago to solve the strong CP problem [1] and might be a major component of galactic dark matter [2] . Since it is very light and extremely weakly coupled to ordinary matter and to light, its search is a challenging experimental task [3] . Last year, the PVLAS collaboration announced a possible observation of axion-like particles [4] [5] . But the photonaxion coupling inferred from their measurements is inconsistent with previous experimental astrophysical constraints [3] , so that it needs to be urgently confirmed by a purely laboratory-based experiment, as advocated by S. Lamoreaux [6] . Here we present the results of our photon-axion regeneration experiment, which disagree with the PVLAS measurements, invalidating the axion-like particle interpretation of their optical measurements with a confidence level higher than 94 %. We show the exclusion curves corresponding to our null result, compared to the PVLAS [4] measurements and to the limits from the BFRT reference experiment [7] . While the existence of an axion remains a plausible hypothesis, our results are a very important step in the understanding of this particle, and they only support a very weakly coupled axion, hence difficult to detect. Given its cosmological importance, the search is definitely worth the large experimental efforts devoted to this enigmatic particle [3] , [8] .
The most popular set-up for purely laboratory-based axion searches is commonly called "light shining through a wall" [9] . It is based on photon regeneration due to the Primakoff effect coupling an axion-like particle with two photons (a real one from the laser field and a virtual one from an external magnetic field). The experiment consists of converting photons into axion-like particles of identical energy in a transverse magnetic field parallel to the photon polarisation, then blocking the photon beam with a wall. The axion-like particles hardly interact with the wall and are converted back to photons in a second magnet. Finally, the regenerated photons are counted with an adapted detector. The interpretation of this type of experiment is very robust as it is sensitive neither to other phenomena such as millicharged particles [10] nor to subtle systematic errors as polarisation effects.
The three key elements of our experimental setup are the laser, two magnets which are placed on each side of the wall and the single photon detector. The conversion and reconversion transition rate (in natural unitsh = c =1, with 1 T ∼ 195 eV 2 and 1 m ∼ 5 × 10 6 eV −1 ) after propagating over a distance z in the inhomogeneous magnetic field B is given by [11] :
with ω the photon energy, m a the axion mass and M the inverse axionphoton coupling. As we have two identical magnets, the detection rate of regenerated photons is
with L the magnet length, P the laser power and η det the detection efficiency.
The laser source delivers more than 1 kJ over 4.8 ns (full width at half maximum) with ω = 1.17 eV, which corresponds to N inc ≃ 5 × 10 21 photons per pulse. The laser power is monitored during each pulse. The laser beam is finally focused just behind the wall; it is apodized to prevent the incoming light from generating a disturbing plasma on the sides of the vacuum tubes. Two turbo pumps maintain a vacuum better than 10 −3 mbar to avoid air ionization, before and after the wall. The wall is a 45-tilted aluminum plate which absorbs or deflects every incident photons while axion-like particles continue straight on. Finally, a fibre collecting the regenerated photons is placed behind the second magnet with total optical shielding from photons entering from outside the magnet. The fibre transports these photons to a single photon detector.
We use a pulsed technology thanks to a transportable bank of capacitors [12] . Besides, a special coil geometry has been developed in order to reach the highest and longest transverse magnetic field [13] . A 12 mm aperture has been made inside the magnets for the laser beam. As usual for pulsed magnets, the coils are immersed in a liquid nitrogen cryostat to limit the heating. Our 45 cm long coils provided a typical field of 12.2 T during our data taking. The magnetic field is measured by a calibrated pick-up coil that is situated in the cryostat. The current flowing into the coils is also monitored during the pulse. The magnetic field remains at its maximum value (±0.3%) during about 150 µs, a very long time compared to the 5 ns laser pulse. The magnetic pulse is triggered by a signal from the laser chain which has a stability ensuring that the laser pulse happens within these 150 µs. Finally, in order to detect pseudoscalar particles, the magnetic field is parallel to the laser polarization.
The last major element is a single photon detector [14] . It integrates an InGaAs Avalanche Photodiode (APD) with all the necessary bias, control and counting electronics. Light is coupled to the photodiode through a FC/PC connector and a multimode fibre. The detection gate is 5 ns long. The dark count rate of 5×10 −4 per detection gate is negligible. The detection efficiency has been measured to be η det = 0.50 ± 0.02.
After the second magnet, the regenerated photons are injected into the detector through a coupling lens plus a graded index multimode fibre. This fibre is 30 m long, so that the detector can be placed in a shielding bay far from the magnets and the laser to avoid potential electro-magnetic noise during the laser and magnetic shots. A typical coupling efficiency through the fibre was found to be η c = 0.8. This efficiency is measured by removing the wall and blind flanges, and by using the laser beam from the pilot oscillator without chopping nor amplifying it. This procedure ensures that the pulsed kJ beam is perfectly superimposed to the alignment beam. The only remaining source of misalignment lies in thermal effects during the kJ laser pulse, which could slightly deviate the laser beam, hence generating supplementary losses in fibre coupling. Therefore, we measured these losses as a function of misalignment of the continuous laser beam. By monitoring the optical path followed by the high energy beam for each pulse, we were able to take the misalignment losses into account, with a maximum value of 20%.
The detector gate is triggered with the same fast signal as the laser, using delay lines, so that the arrival of regenerated photons at the detector corresponds with the detection gate. We measured the coincidence rate between the arrival of photons on the detector and the opening of the 5 ns detector gate as a function of an adjustable delay. We have chosen our working point in order to maximize the coincidence rate. To perform such a measurement we removed the wall and the blind flanges and we used the pilot beam which was maximally attenuated and chopped with a pulsed duration of 5 ns, exactly as the kJ beam. We finally evaluated the effective laser energy, i.e. the percentage of the whole laser energy actually contained in the 5 ns detection gate, which is 93 %.
During data taking, a total amount of about 8 kJ has reached the wall in 7 different pulses. This corresponds to about 6.4×10 22 photons. To evaluate the effective number of photons, i.e. the actual number of incident photons that could yield a regenerated photon observable by the detector, we took into account for each pulse the fibre coupling η c , the misalignment due to thermal effects during the pulse, and the effective laser energy. All these experimental parameters are known with a few percent errors. The effective number of photons was about 4 × 10 22 , which corresponds to about 5 kJ.
Figure 1: Our experimental limits in terms of mass m a and inverse coupling constant M of axion-like particles. We present the exclusion curves associated with different confidence levels, more than 75%, more than 94%, and more than 99.9 %, which correspond respectively to n=2, 4, and 10 regenerated photons arriving on the detector without being detected. Our limits are also compared to the PVLAS measurements and to the limits from the BFRT reference experiment.
During our experiment, no regenerated photons has been detected by the single photon detector, while at least a few should have been observed according to the PVLAS result [4] . To establish the confidence level of our zero measurement, we have to take into account the detection efficiency η det = 0.5, and the discrete nature of photons. The probability P n that n regenerated photons arrived on the detector and none was detected is given by P n = (1 − η det ) n . The corresponding confidence level (C.L.) is simply given by (1 − P n ). For example, a confidence level of 94 % corresponds to missing 4 regenerated photons. Injecting this in Eq. 2 and taking into account the number of "useful" photons gives our experimental limits.
These limits in terms of mass m a and inverse coupling constant M of axionlike particles are plotted on Fig. 1 . These have been calculated by numerically solving Eq. 1. The area below our curves is excluded. We present the limits obtained for n=2, 4 and 10 photons, which correspond respectively to a confidence level greater than 75%, 94%, and 99.9 %. Our limits are also compared to the PVLAS [4] measurements and to the limits from the BFRT reference experiment [7] . We are the first to present here the results of a pulsed "light shining through a wall" experiment, specifically designed to test the PVLAS claims. Our pulsed approach allows us to measure very small conversion rates free from the inevitable false counts of photon detectors. We have not detected any regenerated photons, testing conversion and back conversion on a total of more than 10 22 incident photons. We can therefore invalidate the axion interpretation of the original PVLAS results, with a confidence level higher than 94 %. Moreover, since the limits we deduce from our experiment are totally model-independent, they leave no doubt on the fact that a pseudoscalar particle interacting with a photon and the magnetic field cannot be the origin of the PVLAS signal. In the near future, we plan to further improve the limits by increasing the number of laser shots and the value of the magnetic field. We also plan to test the hypothesis of the existence of a scalar particle by applying a transverse magnetic field perpendicular to the laser polarisation, even if such a guess is also strongly excluded by tests on non-Newtonian gravitational forces [16] .
